Due to the fast growth of the economy and population, the water scarcity issue has aroused widespread critical concern. In fact, reasonable structure, adaptive patterns and effective regulation of the economy, society and water resources can bring a harmonious future. Therefore, the study of how to balance economic social growth and water resources is of great importance.
INTRODUCTION
The Tongzhou district is one of three new developmental towns in Beijing and has been one of the key components of 'New Beijing' progress (Xu et al. ) . The district has convenient transportation, good infrastructure and cultural heritage, and it is intended to take on the excess population from the central urban area, the expansion of industry and other urban functions. Tongzhou district is low lying, known as 'the ends of nine rivers', and many rivers converge within the district (Zhang et al. ) . However, with high economic growth and acute population aggravation, water consumption has recently multiplied to meet the needs of factories and the populace. There are conflicts between water demand and supply in this district, which have aroused concerns. Therefore, it is necessary to find a good way to achieve the sustainable development of water resource in the Tongzhou district.
System dynamic modeling is a methodology for studying complex feedback-loop systems with nonlinear and multivariable characters introduced by Forrester in the early 1960s. Since then, the system dynamic model has been applied in many ways, such as in social-economic dynamics (Forrester , ) , urban dynamics (Meadows et 
STUDY AREA AND DATA SOURCES Site description
The Tongzhou district is located in the southeast of Beijing city and the north end of the Jing-Hang Grand Canal. According to the requirement of the Tongzhou Town Plan, the Tongzhou district is positioned as 'waterfront livable city' and 'an important base for Bohai Sea-Rim regional cooperation in Beijing'.
Data sources
The data include social and economic statistical data, water consumption data and water supply data. Social-economic data include primary sector, secondary sector, tertiary sector, population (rural and urban), natural growth rate and population migration rate, which were collected from 
METHODS

Concept of SD
The SD models are built using four types of basic com- 
where X i (t) is a vector of state variables, f() is a vector-valued function, R i is a vector of flow variables, A i is a vector of auxiliary variables, C i is a vector of parameters, t is time,
and Δt is the change in time.
Description of the model
The system is divided into two parts: the population and water sector and the economy and water sector.
Population and water sector
The population and water sector is an important part of the model. Water is the important material foundation for human subsistence and development, and water consumption is affected by population.
The structure of the population and water sector is shown in Figure 1 (a). In the model, the total population is divided into two parts: the urban population and the rural population, which both consist of the resident population and the floating population. With increases in population size and living standards, water consumption is multiplied. Now, there is growing competition between the water needed for domestic use and the water needed for the ever-expanding industrial growth. The prediction of domestic water consumption plays an important role in the utilization of urban water resources.
Economy and water sector
In the economic and water sector, economic benefits are brought to the region with increased production activities.
At the same time, greater water consumption is inevitable as the economy grows. Rapid industrialization is increasing Tongzhou's demand for more water, straining already depleted sources. A large amount of wastewater is produced in various processes in industries. An effective way to minimize water consumption is to design the wastewater reuse network to maximize the use of wastewater.
The structure of the economy and water sector is shown in Figure 1 
Model evaluation
Model calibration
The model is calibrated by testing parameter accuracy of historical fit using the correction coefficient (R), absolute relative error (ARE) and the mean absolute relative error
where t is time, n is the number of samples, Y t and Y t 
Model validation
Model validation is the comparison of the model results with the independent observations. ARE and MARE are also used for model performance validation (Kiani & Ali
Sensitivity analysis
The sensitivity analysis is conducted using the univariate method, which varies the value of one parameter at a time, while keeping the values of the other parameters constant. The sensitivity index can be calculated using the following equation (Equation (5)):
where t is time; S Y represents the sensitivity index of system state Y to parameter X; Y t denotes the system state at time t;
X t is the value of the system parameter at time t; and dY t and dX t are the values for a change of system state Y and parameter X at time t, respectively.
The general sensitivity degree index is the degree of sensitivity of a parameter to the n stock variables (Y 1 , Y 2 , …, Y n ) at time t, which is defined by Equation (6) (Qi & Chang ;
where S is the general sensitivity degree; n denotes the number of stock variables; and S Yi is the sensitivity degree of the stock variable Y i .
Scenario establishment
There are three scenarios: the business-as-usual scenario, planning-oriented scenario and sustainable development scenario.
Business-as-usual scenario
The business-as-usual scenario refers to the development of the society, economy and water demand in accordance with the current trend. The water supply depends on the actual water supply capacity without any adjustments.
Planning-oriented scenario
The planning-oriented scenario refers to the possible states of the society, economy and water resources under the constraints of the new town plan objectives. The planning-
oriented scenario is designed to analyze the water demand when realizing the social economic goals of the Tongzhou district plan. The water supply capacity is the same as that in the business-as-usual scenario.
Sustainable development scenario
The sustainable development scenario is an idealized scenario, which is able to realize the economic objectives of the Tongzhou new town plan and to reduce the enormous water resource pressure brought by the economic and population growth through upgrading the water saving technology and the economic structure. The designs of the population size and the scale of the economy remain consistent with those in the planning-oriented scenario. In the sustainable development scenario, the new water sources of rainwater, floodwater, reclaimed water, municipal water from outside the area and water transfer from south to north are developed to increase the water supply.
RESULTS AND DISCUSSION
Model evaluation results
Calibration and validation results
The 
Sensitivity analysis
In the SD model, 41 parameters (Table 1) 
Simulation results
Simulation results of the business-as-usual scenario
In the business-as-usual scenario, the economic strength is being upgraded constantly in the Tongzhou district; the primary sector has a steady growth, the secondary sector 
Simulation results of the planning-oriented scenario
As shown in Figure 6 (a), the GDP of the Tongzhou district will rise to 120.4 billion (10 9 ) RMB Yuan in 2020 under the planning-oriented scenario. The percentage of the tertiary sector will increase to 68.4 percent, while the percentage of the primary sector and the secondary sector will be reduced to 2.1 and 29.5 percent.
As shown in Figure 6 (b), the total water demand of the Tongzhou district in the planning-oriented scenario is larger than that in the business-as-usual scenario. The total water requirement will be 395.23 million m 3 in 2020, which is an increase of 29.07 million m 3 compared with the business-as-usual scenario. Therefore, the rapid population and economic growth will place a great pressure on the water resource.
In the predicted results, the water consumption in the primary industry declines after 2017. This is mainly due to the decrease of the primary industry proportion, the adjustment of the planting structure, the reduction of the crop area, and the advancement of micro-irrigation technology.
However, the primary industry will still be a major water-consumption sector, and the water demand will increase to 257.38 million m 3 in 2020, which will account for 65.12 percent of the total water demand in the Tongzhou district. On the one hand, that is determined by the agricultural production characteristics, but on the other hand, the agricultural water saving technology of the Tongzhou district has only been developed to a certain level, and the water-saving capacity is smaller relative to that of other industries. 
Results of the sustainable development scenario simulation
The sustainable development scenario is an idealized scenario, which is intended to relieve the pressures of the population and economic growth on the water resource by upgrading water-saving technology and opening up new water sources.
The development of the economy and society in the sustainable development scenario remain consistent with that of the planning-oriented scenario. As shown in Figure 7 (a), the GDP of the Tongzhou district will reach 120.41 billion (10   9   ) RMB Yuan in 2020, and the three industries' percentages will be 2, 30 and 68%. The regional economic strength will be greatly improved, and the tertiary sector will become the leading industry, which meets the new town planning objectives.
As shown in Figure In contrast, Tongzhou district's water supply alternative solution can satisfy the water requirements of production and life. However, because half of the water supply is secondary recycled water, the water quality cannot meet the water standard of life, so the water of different qualities should be utilized by grades. The groundwater and municipal water are good quality water that should be given to users requiring high quality water as a priority, such as residential uses, municipal services and industrial production.
The water qualities of rainwater and floodwater are not stable, so the rainwater and floodwater can be used in irrigation. The deep reclaimed water has better quality, so it can be used for municipal use, landscaping and cooling water for industry. The large amount of secondary reclaimed water has poor water quality, which can be used mainly for irrigation and river ecological restoration.
CONCLUSION
In this study, the SD model was established to predict the development of social economy and the impact of economic results, there will be a rapid economic increase, which will have a huge impact on water resources. In accordance with current trends, the water demand will exceed the water supply. (2) In the planning-oriented scenario, the social-economic objectives of the Tongzhou new town plan can be achieved through increased investment and structure adjustment. However, the realizations of the targets will be achieved at the expense of greater pressure on water resources.
This will be mainly due to the rapid growth of the population and economy, increasing the water demand greatly. The water resource shortage will be the restrictive factor for local economy and society advancement. (3) Of the 15 industries, the textile and garments, pharmaceutical and chemicals and metal processing were the heaviest water consumers. It is necessary to develop recycled water technology and restrict the scales of high water-consuming industries appropriately.
(4) Not only is it important to realize the district's economic and social goals, but it is also equally important to balance water resource supply and demand. To relieve the tension of water usage in the Tongzhou district, new water sources should be opened up, such as reclaimed water, municipal water from outside the area and water transfer from south to north. In the sustainable development scenario, through the two-way regulation of developing unconventional water sources and improving water-saving capacity of production and life, the conflict between water supply and demand in the Tongzhou district can be resolved. (5) The limitations of the study are as follows: it does not take into account the balances of demand and supply in economy, and does not consider the interactions among industries in contrast to input-output analysis and applied general equilibrium analysis.
